Wild populations of the native European flat oyster (Ostrea edulis) are nowadays rare. Worldwide, flat oyster populations have declined due to overexploitation, diseases and pollution. Yet, in the Limfjorden, Denmark, a small but persistent population of wild flat oyster have endured for more than 165 years, which has sustained a unique fishery on wild oyster beds. Over time, fluctuations in the wild population size has had implications for the fishery, alternating between a large population with high yields, and too small to withstand a fishery. The flat oyster fishery has been alleged to cause these unpredictable fluctuations in the population. However, the combined effect of natural variation (e.g. water temperature) and the fishery has not been investigated. Here we indicate that summer water temperature is an important factor causing fluctuations in the flat oyster population, thought to be due to its influence on recruitment success. Whereas the fishery often constitutes a minor part of the net oyster mortality. We found a positive correlation between summer water temperature and increased oyster landings ≥5 years later. Our results demonstrate the importance of adaptive management for the oyster fishery in the Limfjorden, which has ensured the survival of the flat oyster population, even when the oyster population has been low. These results highlight that management based on annual stock assessments, closed areas with brood stock, and dynamic annual total allowable catch, can ensure the persistence of an endangered oyster species and support a sustainable fishery.
Introduction
For centuries the European native flat oyster (Ostrea edulis) has played a significant role in the fishing industries in Europe (Matthiessen, 2008) . During the last 200 years the populations have declined. Disease, pollution, unsustainable fisheries and invasion of non-native species e.g. Pacific oysters (Crassostrea gigas) and common slipper shell (Crepidula fornicata), have led to population collapses (Sheail, 1986; Rothschild et al., 1994; Lenihan and Peterson, 1998; Ruesink et al., 2005; Laing et al., 2006; Lotze, 2007; Smyth et al., 2009; Beck et al., 2011; Long et al., 2017) . Consequently, wild native oyster beds have been considered scarce in Europe since the 1950s (see e.g. Airoldi and Beck (2007) and references herein) and the few remaining native beds have generally been rated as "poor" or "functionally extinct", defined as >90-99% lost (Beck et al., 2011) . The global loss and degradation of oyster reefs has an effect on the ecosystem. As ecosystem engineers, oysters provide important ecosystem services e.g. water filtration, habitat provision and nitrogen cycling (Beck et al., 2011; Ermgassen et al., 2012; Grabowski et al., 2012; Kellogg et al., 2014; Lipcius et al., 2015; Vaughn and Hoellein, 2018) . In recognition of their important function, several restoration projects have been initiated in Europe (Pogoda et al., 2019) . The aim has been to re-establish native oyster reefs where they previously dominated the benthic community prior to collapse (Gercken and Schmidt, 2014; Sawusdee et al., 2015; Smyth et al., 2018; Kerckhof et al., 2018) .
At present, the global oyster fisheries of native wild oyster are limited (Kirby, 2004; Beck et al., 2011; Airoldi and Beck, 2007) . In 2009-2011 the total global landings of wild European oysters were less than 3000 metric tonnes (Gosling, 2015) . In Europe, the fisheries for wild flat oysters occur in small, localised areas like Loch Ryan in Scotland (Eagling et al., 2015) , Solent, Thames Estuary and River Fal (Long et al., 2017) , small areas along the western and northern coasts of Ireland (Tully and Clarke, 2012) including Lough Foyle (Bromley et al., 2016) and the Limfjorden, Denmark. To prevent overexploitation, it has been necessary to strictly regulate the flat oyster fisheries. Furthermore, as the remaining fisheries of wild oyster populations are of great economic importance (Schrobback et al., 2014; Long et al., 2017) , efficient management strategies are required to ensure sustainability (Gosling, 2015) .
Historically, bivalve fisheries have been managed by volume restrictions, and through fisheries closures; in cases of declining populations (Kristensen, 1997 , Kirby, 2004 Schrobback et al., 2014) . However, it has not succeeded in preventing global overexploitation (Ruesink et al., 2005; Airoldi and Beck, 2007; Lotze, 2007; Beck et al., 2011; Wilberg et al., 2011; Ermgassen et al., 2012) . Annual fluctuations in population size present a major challenge in fisheries management of wild oyster beds (Hart et al., 2011; Bromley et al., 2016) . Fluctuations in population size occurs due to natural variations in environmental conditions. For example, recruitment and growth of the larval and adult life stages are influenced by abiotic factors e.g. temperature, salinity and substrate availability, as well as biotic factors e.g. food, predation, diseases, parasites and competition (Camp et al., 2015; Gosling, 2015) . Thus, to safeguard oyster populations, even in years with poor recruitment, long-term management approaches are needed. Fundamental knowledge of the total population size, density and population structure are essential, and historic data on population size and landings would be advantageous parameters to include when defining sustainable management measures for the oyster fishery.
In the Limfjorden, Denmark, a wild population of native flat oysters have survived alongside the commercial fishery for almost 165 years. Although, high variability in yields (Kristensen, 1997) likely reflects fluctuations in the wild stock. Recently, new pressures add to the uncertainty of this economically important fishery located in a rural region of Denmark. Changes in community dynamics, caused by increased populations of competitors; C. gigas, predators; Ocinebrellus inornatus, and parasites; Bonamia ostreae (Anonymous, 2018) may contribute to the pressure on the flat oyster populations. As might climate change. Cumulatively, these pressures present an interesting challenge for researchers and managers.
The aim of this study is: (i) to review fluctuations in the oyster population and the management of the flat oyster fishery in the Limfjorden in view of its historic development. (ii) Determine the drivers causing fluctuations in the wild population i.e. the role of the commercial fishery, and differences in summer water temperature; and (iii) discuss the future of the flat oyster fishery in the Limfjorden based on the recent development in the flat oyster population and in view of new emerging treats.
Materials and methods
The Limfjorden (Fig. 1A) is a shallow sound that connects the North Sea on the west coast (32-34 PSU) with the Kattegat on the east coast (19-25 PSU). The surface area is approximately 1500 km 2 , and has a mean water depth of 5.5 m. The average water temperature is 2-3°C in winter and 15-20°C in summer. As a micro-tidal system, it has a tidal amplitude of 0.1-0.2 m. Eutrophic conditions result in high chlorophyll-a concentrations throughout the year, which supports a large biomass of benthic suspension feeders, dominated by the blue mussel, Mytilus edulis (Maar et al., 2010) . Additionally, a native population of the flat oyster is found in the western part of the Limfjorden (Fig. 1B) .
Annual stock surveys and stock size estimation
The Limfjorden is divided into 37 shellfish productions areas ( Fig. 1B) and in recent years, the flat oyster has been recorded, and fished, in production areas 1-9 and 11-13. Since 2004, the 12 production areas have been monitored during annual stock assessment, carried out by The National Institute for Aquatic Resources (DTU Aqua). The data collected is used to estimate the population size, and size distribution of flat oyster.
In 2004, shellfish production areas 1-9 and 11-13 were split into 258 squares of 0.5 Â 0.5 km 2 making 220 randomly allocated fixed sampling stations in areas where water depths >3 m (total surveyed area of over 320 km 2 ). Although all of the 220 stations are included in the annual stock assessments, a minimum of 190 stations have been surveyed each year. A four minute haul was carried out at each station using a modified oyster dredge (with: 1 m, height: 25 cm, total maximum wet weight: 35 kg, wire length of 50-60 m) at a towing speed of 2.5-3.5 knots. The length of each dredge track was determined using GPS positions at the start and end of the tow. On board, the contents collected by the dredge was weighed to determine total wet weight (WW). Subsequently the catch was sorted and weighed, separating flat oysters, empty shells, stones and other invertebrates. Furthermore, the shell height was recorded for all oysters (or a maximum of 200 individuals) at each station. Shell height is measured as the maximal distance from the umbo to the margin of the shell.
The biomass of flat oysters (kg m À2 ) in each production area (1-9 and 11-13) was estimated using haul length, the total weight of flat oysters caught per haul (kg), total area of the production areas with water depth >3 m (km 2 ) and applying a dredge efficiency of 33% for flat oysters (Dolmer and Hoffmann, 2004) . To estimate the biomass of the entire flat oyster population (metric tonnes) in the western part of the Limfjorden, biomass estimates of each production area was summed together.
Landings and estimation of population size of target oysters
Cohort analysis of shell height was performed on the measured (shell height) oysters from the monitoring campaigns. Cohorts were separated by Bhattacharya's method using modal progression analysis software FiSAT II (FAO-ICLARM Fish Stock Assessment Tool). To estimate the proportion of target size oyster, the different flat oyster cohorts were converted into weight according to the following correlation between WW of flat oyster and shell height:
Wet weight ðgÞ ¼ 0:1013 x 3:2693 ; R 2 ¼ 0:91 where X is shell height (cm) of the flat oyster. The correlation is based on data from a supplementary survey conducted in 2011 throughout the Limfjorden, also covering areas in water depths less 3 m (unpublished data, DTU Aqua) to account for unfished areas. Based on the different cohorts and average weight of each cohort, the proportion of targeted flat oyster (>60 g for 2004-2005 and >80 g since 2006) and undersized flat oyster in the total population were estimated. Furthermore, the proportion of flat oysters preferred by the fishermen (60-175 g for 2004-2005 and 80-175 g for 2006-present) was estimated. The lower size limit is the minimum landing size regulated by the authorities, whereas the upper limit of 175 g reflects the lower price for oysters (above marked-size). Furthermore, it was assumed that it takes 3-4 years before one-year old oyster spats (<30 mm) observed in the annual stock surveys have reached a minimum landing size of 60-80 g (Richardson et al., 1993; Dolmer and Hoffmann, 2004) . Annual landings of flat oysters were calculated based on the catch weight of flat oysters, which is reported to The Danish Fisheries Agency under the Foreign Ministry.
Mortality
The net mortality and the fishery mortality (landings) were estimated for each year and each fishing season, respectively. The net mortality was calculated based on two successive stock assessments, whereas the fishing mortality was estimated based on the landings reported for the equivalent fishing season. The net mortality of flat oyster (%) was calculated as:
where S N is the total flat oyster population size (metric tonnes) in year N and W N is the average wet weight of flat oyster for the total population in year N. S Nþ1 and W Nþ1 are the total flat oyster population size (metric tonnes) and average wet weight for the total population in the following year, respectively. The mortality (%) caused by fishery (landings) of target flat oyster was calculated as:
where L N is the landings of flat oyster (metric tonnes) in fishing season N and W T is the average wet weight of target flat oyster in year N. S N is the total flat oyster population size (metric tonnes) in year N and W N is the average wet weight of flat oyster for the total population in year N.
Temperature data
Data on water temperature for Nissum Broad were available from the national monitoring program NOVANA Page 3 of 11 from 1982 to 2015 (★ in Fig. 1 ). Whereas the sea surface temperature (SST) dataset from the eastern part of the North Sea are available from 1900 to 2010 (The Climate Data Guide: SST data: HadiSST v1.1, National Center for Atmospheric Research Staff. https://climatedataguide.ucar.edu/climate-da ta/sst-data-hadisst-v11.). From 1982 to 2010 the two data sets are overlapping. In the period 1982 to 2010 the average annual summer temperature was calculated from June to August for both datasets (SST: n = 3 and NOVANA: n = 3-9). On average, the summer temperature in Nissum Broad is 3.2°C higher than the SST in the North Sea. To estimate the average summer temperature in Nissum Broad from 1900 to 1981, a comparison of the variances was carried out on the two overlapping data sets . The residuals from the mean level in temperature were calculated for all observation months for both datasets and summed to annual values. The residuals for both datasets in the period 1982-2010 did not show significant differences in the variation in temperature between the two datasets (Linear regression analysis in Prism for Mac; slope: F(1,53) = 0.437, p = 0.512, intercept: F(1,54) = 3.07, p = 0.0885). The common equation (y = 0.01909x À 34.9) was used to convert the average summer SST in the North Sea to average summer temperature in Nissum Broad from 1900 to 1981.
Temperature and landings of oysters
The average summer temperature in Nissum Broad from 1900-2016 was compared with the landings of oysters. It is assumed that it will take at least five years before a successful recruitment will result in increased flat oyster landings (Richardson et al., 1993; Dolmer and Hoffmann, 2004) . From 2004 and onwards the fishery has been regulated by annual TACs based on annual stock assessments. Hence, from 2004 to 2017, variations in the numbers of oysters landed are indirectly reflecting changes in the size of the oyster population. A correlation analysis was performed on average summer temperature in Nissum Broad from 1900-2016 and number of oysters landed five years later using the Pearson correlation analysis (GraphPad Prism for Mac).
Results

Historical oyster fisheries in the Limfjorden
The European flat oyster was a natural food source for the inhabitants surrounding the Limfjorden up until approximately 1200. However, when the opening to the North Sea at Agger Tange was blocked and the inflow of saline water was cut off, turning the Limfjorden into a brackish fjord for more than 600 years. In 1825, the North Sea once again broke through, reestablishing an inflow of saline water. As the salinity increased, the flat oysters were able to re-colonize. In the early 1850s the first record of commercial flat oyster landings was reported (Kristensen, 1997) and since, flat oysters have been exploited with varying intensity.
Thereafter, the fisheries landings increased to more than seven million in 1871-1872 ( Fig. 2) . To conserve the population, a large number of oyster seed were imported from European countries to supplement local population. However, with little success. The oyster fishery was either entirely closed, or restricted, between 1886 and the beginning of the 20th century due to overexploitation and lack of recruitment (Spärck, 1949) . In 1910, the natural population had increased, and this was reflected in the landings, however, the import of oyster seeds from European countries continued to be a large part of the oyster population in the Limfjorden; e.g. in 1910-1925, 15 million seeds were imported and cultivated on culture plots to keep a high production (Kristensen, 1997) and the import of oysters continued until the beginning of the 1980s. Nonetheless, in 1982 the population reached its lowest record, and a total ban of fishing for flat oysters was enforced from 1982-1991 (Kristensen, 1997) . From 1992 and the beginning of the millennium, flat oysters were only caught as bycatch in the traditional mussel fishery. As a result, less than 200,000 flat oysters were landed per year (Fig. 2 ). In the start of the new millennium, the flat oyster population increased, which led to a reopening of the flat oyster fishery in 2003. In the following years, the number of flat oyster landings increased, and reached more than 12,5 million in 2008; the highest ever landing recorded in Limfjorden (Fig. 2) . However, in 2010 the flat oyster population decreased once again, and the total allowable catch (TAC) was accordingly regulated to 200 metric tonnes. The consequential total landings were approximately 1 million flat oysters per year from 2015 to 2017 (Fig. 2) .
Management of the oyster fishery in the Limfjorden
In 1587 the flat oysters in Denmark became a royal privilege, hence, the reigning monarch owned all oysters and only fishermen with a Royal Charter were allowed to fish oysters in Denmark. In 1849, the licencing was taken over by the Danish Government, but the oysters were still owned by the reigning monarch, ensuring the supply of oysters to the Danish Court. In 1983 the royal monopoly was annulled (Kristensen, 1997) and oysters became publicly owned. With the Danish Government in charge of licencing, a more science-based management was introduced in 1849. Followed by the first biological investigation of the flat oyster population in the Limfjorden in the 1860s (see Kristensen, 1997 and references within) . From the beginning of the 20th century, annual surveys were used to estimate the total standing stock, and to set sustainable fishing quantities (e.g. Petersen, 1907) . The Danish Government initiated several other biological studies in the same period, investigating factors influencing spawning, larval settlement, and the nutritional status of oysters, as well as population densities, predation and mortality of the flat oyster (Spärck, 1925; 1929; 1935; 1949) . However, scientific investigations ceased post 1940s, and during this time, no regular annual stock assessments were carried out until 2003. Since 2004, annual TACs have been set based on stock surveys carried out by DTU Aqua, which regulates the flat oyster fishery and in addition, a legal minimum size set at 60 g (80 g from 2006) was also enforced. After 2003 several adjustments and regulation initiatives have been implemented to ensure a sustainable flat oyster fishery but also to comply with different EU regulations. At present, the flat oyster fishery is regulated by using closed areas, minimum depths in which the fishery can occur (≥3 m), or temporal restrictions (closures; mid-May to October). Additionally, quotas are flexible and can be area-specific or set temporally (individual weekly and daily TACs). Restrictions can also be specific to the gear, for example lightweight dredge with a maximum total weight of 24 kg, or number of dredges per vessel (max 2). Furthermore, the number of vessels in each fishing area can be limited, and the requirement to have onboard sorting of catches, to ensure undersized oysters, shells, and debris are returned to the sea has be enforced. Furthermore, logbook reporting and installation of "black box" are mandatory. The black box registers the position of the vessel every 10 seconds, as well as the winch activity, thereby recording fishing activity. Black box data is used to estimate the area impacted by the fishery within each fishing season. A maximum of 15% areal cumulative impact over five years is accepted.
Flat oyster stock and landings 2004-2018
Since the initiation of annual stock assessments, it is clear that the standing stock fluctuates largely (Fig. 3) . From 2006 to 2007 the population more than doubled (4300 t and 9900 t, respectively) and then remained constant around 10,000 t until 2010. Thereafter, the population decreased substantially, reaching a low of 1100 t in 2013. During 2014-2016 the flat oyster population was stable, increasing slowly to 2400 t in 2017. In 2018, the flat oyster population more than doubled to 6000 t, due to a successful settlement of flat oysters in Løgstør Broad (area 33, 34 and 36 in Fig. 1B) .
In 2004-2008 the proportion of oyster at target size made up 28-83% of the total population size. In 2009, target sized oysters reached 98%. Generally, until 2017 targeted sized oysters constituted >90% of the total flat oyster population, but this fraction decreased to 40% in 2018 ( Fig. 3) .
Due to regulations set by annual TACs (Table 1) the annual flat oyster landings from 2004 to 2017 were relatively stable, which is in contrast to the large fluctuations in total population size, and the variation in target-sized oysters. The highest annual landings (1000-1350 t) were observed when the flat oyster population was at its maximum (2007 to 2010), where the TAC corresponded to 11-14% of the total population. Comparatively, the same TAC corresponded to 25% of total oyster population in [2005] [2006] . A smaller population size resulted in lower TACs for the flat oyster fishery with annual landings <200 t from 2013 to 2017 (corresponding to <11% of the total population). In 2018, a TAC of 400 t has been allocated for the 2018/2019 fishing season due to the doubling of the population size in 2018, which corresponds to 7% of the total population.
Population structure
The cohort analysis showed that from 2004 to 2006 new recruits (<50 mm) were observed in the annual surveys. Yet, in the period 2007-2012, the population consisted mainly of one to two cohorts ( Fig. 4 ) that grow into larger size-classes from year to year. In 2004, the proportion of small oysters (< minimum legal size) dominated (78%) the population caught in the annual population survey (Fig. 5 ) and declined to less than 10% in 2010. In contrast, the large oysters (> preferred marked-size) increased and constituted >35% of the oysters caught in the 2010 survey. The proportion of targeted oysters has been relatively stable and constituted 45-65% of the flat oyster caught in the annual surveys from 2005 to 2018. Changes in the proportion of non-targeted flat oysters (small and large) has shifted from being dominated by >30% of smaller oysters until 2009, whereas larger oysters dominated (>30%) until 2014 (Fig. 5 ). This is likely due to the large number of successful recruits in 2004-2006, which have grown into larger size classes. The increase in the proportion of small oysters suggest recent recruits in 2014 to 2018. Indications of an aging population were also reflected in the increase in mean individual weight from 48 g in 2004 to 182 g in 2011 and from 100 g to 175 g (2010) for the target flat oysters (Fig. 6 ). From 2011, the mean individual weight of the total flat oyster population and the proportion of target oyster generally decreased, and in 2017 the mean individual weight was 128 g and 108 g, respectively, which corresponded with observations of general decline in the proportion of large oysters and increased recruitments since 2014 (Fig. 5) . In 2018 the average individual weight of both the total flat oyster population and the target flat oyster proportion was approximately 160 g, which was the double of marked-sized oysters (80 g) providing the highest prices.
Mortality
From 2004 to 2017, the fishery related mortality (landings) of flat oyster has constituted a smaller part of the net mortality (Fig. 7) , whereas in the fishing seasons 2007/08, 2008/09 and 2011/12, which corresponded to seasons with the highest TACs (Fig. 3) , fisheries constituted up to 73% of the total net mortality in the three fishing seasons. In the fishing seasons 2004/05, 2009/10, 2010/11 and 2012/13, the natural mortality was 54-79% higher than the mortality caused by fishery (Fig. 7) . No net mortality was observed in the fishing seasons 2005/06, 2006/07, 2013/14, 2014/15, 2015/16 and 2016/17 , since the recruitment of flat oyster (negative values in Fig. 7) exceeded the total mortality.
Summer sea surface temperature
Increased summer temperature in Nissum Broad correlates positively (r = 0.449, P < 0.05) to landings of flat oysters five years later (Fig. 8) . Furthermore, the progressive increase in the flat oyster population from 2005 to 2010 occurred after several warm summers with average water temperatures >15°C from 2001 to 2010 (data not shown).
Discussion
The overexploitation of oysters has previously been a problem in the Limfjorden. However, since the implementation of stock assessment driven TACs, the oyster population has been successfully sustained, despite large variations in stock size. Fluctuations in the flat oyster population due to variation in summer temperature can be accounted for, as oyster landings are positively correlated with summer temperature five years previous. Thus, a fishery on an endangered species can be managed without threatening the population.
The flat oyster fishery has been an important resource in the Limfjorden and still constitute an important income for the fishermen in a rural area of Denmark. The fluctuations observed in the flat oyster population in the Limfjorden (Fig. 2) during the twentieth century is also documented other parts of the world (Rothschild et al., 1994; Kirby, 2004; Ruesink et al., 2005; Airoldi and Beck, 2007; Lotze, 2007; Smyth et al., 2009; White et al., 2009; Beck et al., 2011; Ermgassen et al., 2012; Eagling et al., 2015) . The large fluctuations indicate overexploitation, and the potential to collapse. However, unlike most other flat oyster populations in Europe, the wild flat oyster population in the Limfjorden was not infected by the parasites Bonamia sp. and Marteilia refringens in 1970 -1980 (Madsen et al., 2013 , where most other European flat oyster populations were dramatically affected by infections.
The annual surveys from 2004-2018 demonstrate fluctuations in the flat oyster population. The increase in flat oyster population from 2004-2007 was probably a result of several successful recruitments from 2000 to 2005 (Fig. 4) . This corresponds to findings by Spärck (1935) and Hart et al. (2011) , who also observed significant increase in biomass (metric tons) and a shift towards greater proportions of larger individuals in the oyster population after several successful recruitment events. The changes in the flat oyster population from 2004 to 2018 reflect the interactions between recruitment, population growth dynamics, and fisheries impact. Fishing mortality (landings) in most years constituted a minor part of the total net mortality (Fig. 7) . In contrast, natural mortality ranged between 5-50%, which is in accordance with previous observations (20-70%, Spärck, 1929) . Unregulated, the fishery induced mortality can indirectly influence the population dynamics, by skewing the populations size structure to be dominated by larger individuals when successful recruitments are erratic (Kirby, 2004) . Furthermore, fishing mortality can affect the population dynamics a general reduction of the spawning stock, especially in years where fishing mortality is the major part of the total net flat oyster mortality. Continuing to exploit a declining, aging population of flat oyster may seem contradictory, and without adaptive management, it could have led to the total closure of the fishery. Certain management strategies were influential in the success of the fishery. For example, the regulations to increase minimum legal size from 60 g to 80 g to ensure a larger portion of spawning adults, implementation of spatial and temporal sanctuaries to ensure a brood stock for spawning, and the implementation of the "black box system" that has ensured monitoring and documentation of the fishery activities. Thus, all management implementations have contributed to, and ensured, the sustainable exploitation of the flat oyster even when the flat oyster population was decreasing.
Temporal variations in settlement of flat oysters have previously been documented in other oyster populations (Orton, 1927; Hart et al., 2011; Wilberg et al., 2011) and are Page 6 of 11 P. Nielsen and J.K. Petersen: Aquat. Living Resour. 2019, 32, 22 often influenced by temperature. Warmer water temperature have positive effects on both the reproductive output, and the physical environment where larvae and settling juveniles are living (Spärck, 1925; Orton, 1927; Spärck, 1949; Hart et al., 2011) and several successive warm summers have induced larger spat fall of flat oysters in the Limfjorden (Spärck, 1935 (Spärck, , 1949 . In accordance, a positive correlation between summer temperature and oyster landings five years after was demonstrated (Fig. 8 ). Furthermore, oyster population doubled from 2017 to 2018 (Fig. 3) after a period (2013) (2014) (2015) (2016) (2017) (2018) where annual average summer bottom water temperature in Nissum Broad was >16°C. Especially 2014 was extreme, as the average water temperature reached 19.6°C from mid-June to mid-August (data not shown). These results indicate that successful spawning of flat oysters in the Limfjorden is linked to summer temperature, which is in accordance with other studies (Orton, 1927; Spärck, 1949; Bromley et al., 2016) . Additionally, we highlight that landings data, as a proxy for successful recruitment, might be prone to bias by factors like regulations (e.g. TAC, minimum legal size, spatial and temporal closures, and number of licenses), but also market demand and prices will affect the total landings (Lipton, 2008) . The future perspective for the flat oyster population in Limfjorden is promising with the increasing population and several successful spat falls within the last six years. However, several new emerging threats for the flat oyster population have appeared in the Limfjorden in recent years. The parasite, Bonamia ostreae was observed in flat oysters from aquaculture facilities in the Limfjorden collected in 2014, whereas observations of the parasite in wild flat oysters were first reported a few years later (Anonymous, 2018) . The observation of B. ostreae has so far not resulted in mass mortality in neither aquaculture facilities nor wild beds in the Limfjorden (observations by DTU Aqua). However, the detection of B. ostreae has indirectly increased the risk of introduction of alien species, diseases and parasites harmful to the native flat oyster, since the Limfjorden lost its status as an area free of Bonamia in 2016, hence import of bivalves to the Limfjorden is now allowed.
Another potential threat is the invasive Pacific oyster (C. gigas), which within the last ten years has invaded the entire Limfjorden. C. gigas are especially common in shallow waters (0.5-2 m) but are also caught in depths >3 m (by-catch in the mussel and flat oyster fisheries). The co-occurrence of flat and Pacific oysters have recently been reported in other countries in Europe (Laugen et al., 2015; Christianen et al., 2018; Zwerschke et al., 2018a) , and both positive and negative effects on the native flat oyster have been reported (Laugen et al., 2015; Green et al., 2017; Christianen et al., 2018; Zwerschke et al., 2018b) .
Finally, changes in the distribution and/or densities of predators and competitors e.g. the predatory oyster drill (Ocinebrellus inornatus), the common starfish (Asteria rubens), the slipper limpet (Crepidula fornicate) and the parasitic copepod (Mytilicola intestinalis) in sub-areas or in the entire Limfjorden have been observed within the last couples of years (observations by DTU Aqua). Thus, several new emerging factors will influence future survival of the flat oyster population in the Limfjorden and the flat oyster fishery.
Conclusion
The persistence of the European flat oyster fishery in the Limfjorden may be attributed to a series of fortunate events, combined with well-timed adaptive management. First of all, the flat oyster population in the Limfjorden was not infected by the two parasites; Bonamia sp. and M. refringens in 1970-1980, when most flat oyster populations in Europe got infected. The observation of Bonamia sp. in European waters resulted in a total import ban of oysters to the Limfjorden and furthermore the flat oyster fishery was closed from 1982-1991 due to low population size. The closure of the fishery and the import ban most likely ensured the survival of the native flat oyster. Upon re-opening in the 1990s, the fishery was subjected to restrictions, and followed by adaptive management. Testament to the importance of management is that throughout time the focus has remained on sustaining the flat oyster. The outcome may have been less positive had another commercially valuable species become of interest, leading to improper management of the native flat oyster population (White et al., 2009) . Although the population appears to be stable, the flat oyster population is not in the all clear, with the emergence of new threats in recent years. Thus, continuing a holistic and precautionary approach to fishery management is required, to improve the prospect of survival for the native flat oyster, and the future of a sustainable fishery.
